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SECTION 3
LOADS
Part A
Type of Loads
NOTATIONS Fy
g
= maximum expected accel eration of bed rock I
at the site ICE
= length of short span of slab (Article 3.24.6) J
= buoyancy (Article 3.22)
= width of pier or diameter of pile (Article K
3.18.2.2.4) K
= length of long span of slab (Article 3.24.6) K
= combined response coefficient
= stiffness parameter = K(W/L) (Article k
3.23.4.3)
= centrifugal force in percent of live load L
(Article 3.10.1) L
= centrifugal force (Article 3.22) L
= coefficient for nose inclination (Article L
3.18.2.2.1) LF
= steel bending stress coefficient (Article
3.25.1.5) Mp
= steel shear stresscoefficient (Article3.25.1.5) My
= parameter used in determination of load My
fraction of wheel load (Article 3.23.4.3)
= degree of curve (Article 3.10.1) Ng
= dead load (Article 3.22) Np
= fraction of wheel load applied to beam n
(Article 3.28.1) P
= contribution dead load P
= width of slab over which a wheel load is P
distributed (Article 3.24.3)
= earth pressure (Article 3.22) P
= equivalent static horizontal force applied at
the center of gravity of the structure P
= modulus of elasticity of concrete (Article P
3.26.3) Pis
= modulusof elasticity of steel (Article3.26.3) P2o
= modulusof elasticity of wood (Article3.26.3) p
= horizontal ice force on pier (Article p
3.18.2.2.1)
= framing factor R
= allowable bending stress (Article 3.25.1.3) R

allowable shear stress (Article 3.25.1.3)
32.2 ft./sec.2

impact fraction (Article 3.8.2)

ice pressure (Article 3.22)

gross Saint-Venant torsional constant of the
precast member (Article 3.23.4.3)

stream flow force constant (Article 3.18.1)
stiffness constant (Article 3.23.4)

wheel load distribution constant for timber
flooring (Article 3.25.1.3)

liveload distribution constant for spread box
girders (Article 3.28.1)

|oaded length of span (Article 3.8.2)

load length of sidewalk (Article 3.14.1.1)
live load (Article 3.22)

span length (Article 3.23.4)

longitudinal force from live load (Article
3.22)

moment capacity of dowel (Article3.25.1.4)
primary bending moment (Article 3.25.1.3)
total transferred secondary moment (Article
3.25.1.4)

number of beams (Article 3.28.1)

number of traffic lanes (Article 3.23.4)
number of dowels (Article 3.25.1.4)

live load on sidewalk (Article 3.14.1.1)
stream flow pressure (Article 3.18.1)

total uniform force required to cause unit
horizontal deflection of whole structure
load on one rear wheel of truck (Article
3.24.3)

wheel load (Article 3.24.5)

design wheel load (Article 3.25.1)

12,000 pounds (Article 3.24.3)

16,000 pounds (Article 3.24.3)

effective ice strength (Article 3.18.2.2.1)
proportion of load carried by short span (Ar-
ticle 3.24.6.1)

radius of curve (Article 3.10.1)

normalized rock response

Section3  Loabps 3-1
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rib shortening (Article 3.22)

shear capacity of dowel (Article 3.25.1.4)
primary shear (Article 3.25.1.3)

total secondary shear transferred (Article
3.25.1.4)

design speed (Article 3.10.1)

soil amplification spectral ratio

shrinkage (Article 3.22)

average stringer spacing (Article 3.23.2.3.1)
spacing of beams (Article 3.23.3)
parameter used in determining the load frac-
tion to be applied to precast concrete beams
(Article 3.23.4.3)

effective span length (Article 3.24.1)

span length (Article 3.24.8.2)

beam spacing (Article 3.28.1)

effective deck span (Article 3.25.1.3)
stream flow (Article 3.22)

period of vibration

temperature (Article 3.22)

thickness of ice (Article 3.18.2.2.4)

deck thickness (Article 3.25.1.3)
variablespacingof truck axles(Figure3.7.3A)
velocity of water (Article 3.18.1)

combined weight on the first two axles of a
standard HS Truck (Figure 3.7.3A)

width of sidewalk (Article 3.14.1.1)

wind load on structure (Article 3.22)

total dead weight of the structure

width of exterior girder (Article 3.23.2.3.2)
overall width of bridge (Article 3.23.4.3)
roadway width between curbs(Article3.28.1)
wind load on live load (Article 3.22)

width of pier or diameter of circular-shaft
pier at the level of ice action (Article
3.18.2.2.1)

distance from load to point of support (Ar-
ticle 3.24.5.1)

subscript denoting direction perpendicular
to longitudinal stringers (Article 3.25.1.3)
reduction for ductility and risk assessment
(with appropriate script) coefficient applied
to loads for service load and load factor
designs (Article 3.22)

load factor (Article 3.22)

proportional limit stressperpendiculartograin
(Article 3.25.1.4)

load combination coefficient for buoyancy
(Article 3.22.1)

load combination coefficient for centrifugal
force (Article 3.22.1)

Section3  Loabs

Bo = load combination coefficient for dead load
(Article 3.22.1)

Be = load combination coefficient for earth pres-
sure (Article 3.22.1)

Beo = load combination coefficient for earthquake
(Article 3.22.1)

Bice = load combination coefficient for ice (Article
3.22.1)

BL = load combination coefficient for live load
(Article 3.22.1)

Br = load combination coefficient for rib shorten-
ing, shrinkage and temperature (Article
3.22.1)

Bs = load combination coefficient for streamflow
(Article 3.22.1)

Bw = load combination coefficient for wind
(Article 3.22.1)

BwL = loadcombinationcoefficientforwindonlive
load (Article 3.22.1)

V1 = Poisson'sratio (Article 3.23.4.3)

3.2 GENERAL
3.21 Structures shall be designed to carry

the following loads and forces:

Dead load.

Liveload.

Impact or dynamic effect of the live load.

Wind loads.

Other forces, when they exist, asfollows:
Longitudinal forces, centrifugal force, thermal forces,
earth and drift pressure, buoyancy, shrinkage stresses,
rib shortening, erection stresses, ice and current
pressure, earthquake stresses, prestressing and
friction forces.

3.2.2 Members shall be proportioned using
the allowabl e stresses permitted by the design procedure
and the limitations imposed by the material.

3.2.3 When stress sheets are required, adia-
gram or notation of the assumed | oads shall be shown and
the stresses due to the various loads shall be shown

separately.

3.2.4 Where required by design conditions,
the concrete placing sequence shall be indicated on the
plans or in the special provisions.

+ + + 4+
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3.2.5 The loading combination shall be in
accordance with Article 3.22.

3.2.6 Whenabridgeisskewed, theloadsand
forces carried by the bridge through the deck system to
pin connections and hangers should be resolved into
vertical, lateral, and longitudinal force componentsto be
considered in the design.

3.3 DEAD LOAD

3.3.1 Thedeadload shall consist of theweight
of theentire structure, including theroadway, sidewalks,
car tracks, pipes, conduits, cables, and other public utility
Services.

3.3.2 Thesnow andiceload isconsidered to
be offset by an accompanying decrease in live load and
impact and shall not be included except under special
conditions.

3.3.2.1 If differential settlement isanticipated
in a structure, consideration should be given to stresses
resulting from this settlement.

3.3.3 If a separate wearing surface is to be
placed whenthebridgeisconstructed, or isexpected to be
placedinthefuture, adequateallowanceshall bemadefor
its weight in the design dead load.

3.34 Special consideration shall begivento
the necessity for a separate wearing surface for those
regions where the use of chainson tires or studded snow
tires can be anticipated.

3.3.5 Where the abrasion of concrete is not
expected, the traffic may bear directly on the concrete
slab. If considered desirable, /4 inch or more may be
added to the slab for a wearing surface.

3.3.6 Thefollowingweightsaretobeusedin
computing the dead |oad:
#/cu. ft
Steel or cast Steel ... 490
CaStITON ...t 450
Aluminum alloys ..o, 175
Timber (treated or untreated) .........cccceeeeererereennn. 50
Concrete, plain or reinforced .........c.ccocvvenerennnne 150

Compacted sand, earth, gravel, or ballast............ 120
Loose sand, earth, and gravel ..........cccccoeeeeenene. 100
Macadam or gravel, rolled ........cocooeieienieenne. 140
Cinder filliNg ....coocveieieieeee e 60
Pavement, other than wood block .............c..... 150
Railway rails, guard rails, and fastenings

(per linear foot Of track) ........ccccevevereerieennne 200
StONE MASONIY ..ottt 170
Asphalt plank, 1 in. thick ..........cccoceeenene 91b. sg. ft.

3.4 LIVE LOAD

Theliveload shall consist of theweight of the applied
moving load of vehicles, cars, and pedestrians.

35 OVERLOAD PROVISIONS

Structures which carry vehicular traffic shall be ana-
lyzed for overloads that are represented by P loads as
described in Article 3.7, and other specific loads where
applicable. Application shall be in accordance with Ar-
ticle 3.22.

3.6 TRAFFICLANES
3.6.1 The lane loading or standard truck
shall be assumed to occupy awidth of 10 feet.

3.6.2 The loads shall be placed in 12-foot
wide design traffic lanes, spaced acrossthe entire bridge
roadway width measured between curbs.

3.6.3 Fractional parts of design lanes shall
not be used, but roadway widths from 20 to 24 feet shall
havetwo designlaneseach equal to one-half theroadway
width.

3.6.4 Thetrafficlanesshall beplacedinsuch
numbers and positions on the roadway, and the loads
shall be placed in such positions within their individual
traffic lanes, so as to produce the maximum stressin the
member under consideration.

3.6.5 These provisions shall not apply to
those superstructure members for which wheel load ap-
plication without regard to placement in traffic lanesis
specified in Articles 3.23 thru 3.28, 6.4 and 10.39.

Section3  Loabps 3-3
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3.7 HIGHWAY LOADS

3.7.1 Standard Truck and Lane Loads*
3.7.1.1 Thehighway liveloadingsontheroad-
ways of bridges or incidental structures shall consist of
standard trucks or lane loads that are equivalent to truck
trains. Three systems of loading are provided. The H
loadings and the HS loadings-the HS loadings being
heavier than the corresponding H loadings and P loads
based on permit vehicles for regulation of overloads.

3.7.1.2 Each lane load shall consist of a uni-
form load per linear foot of traffic lane combined with a
singleconcentratedload (or two concentrated loadsinthe
caseof continuousspans-seeArticle3.11.3), soplaced on
the span asto produce maximum stress. The concentrated
load and uniform load shall be considered as uniformly
distributed over a 10 foot width on aline normal to the
centerline of the lane.

3.7.1.3 For the computation of moments and
shears, different concentrated loads shall be used as
indicated in Figure 3.7.6B. The lighter concentrated
loads shall be used when the stresses are primarily bend-
ing stresses, and the heavier concentrated loads shall be
used when the stresses are primarily shearing stresses.

3.7.2 Classes of Loading

Therearefour standard classes of highway loading: H
20, H 15, HS 20, and HS 15. Loading H 15is 75 percent
of loading H 20. Loading HS 15is 75 percent of Loading
HS 20. If loadings other than those designated are de-
sired, they shall be obtained by proportionately changing
the weights shown for both the standard truck and the
corresponding lane loads.

*Note: Thesystem of laneloadsdefined here (andillustratedin
Figure 3.7.6.B) wasdeveloped in order to give asimpler method of
calculating moments and shears than that based on wheel |oads of
the truck.

Appendix B shows the truck train loadings of the 1935
Specifications of AASHTO and the corresponding lane loadings.

In 1944, the HS series of trucks was developed. These
approximate the effect of the corresponding 1935 truck preceded
and followed by atrain of trucks weighing three-fourths as much
as the basic truck.

3-4 Section3  Loabs

3.7.3 Designation of Loadings

The policy of affixing the year to loadingsto identify
them was ingtituted with the publication of the 1944
edition in the following manner:

H 15 Loading, 1944 Edition shall be

designated ........ccccoorrienininen e H 15-44
H 20 Loading, 1944 Edition shall be

designated ........cccccorinieniinincne H 20-44
H 15-S 12 L oading, 1944 Edition shall be

designated ........ccccooveeneneninenee e HS 15-44
H 20-S 16 Loading, 1944 Edition shall be

designated ........ccccooveeneneninenee e HS 20-44

The affix shall remain unchanged until such time as
the loading specification is revised. The same policy for
identification shall be applied, for future reference, to
loadings previously adopted by the American Associa-
tion of State Highway and Transportation Officials.

3.74 Minimum L oading

Bridges shall be designed for HS 20-44 loading or an
Alternate Military Loading of two axles four feet apart
with each axle weighing 24,000 pounds, whichever pro-
duces the greatest stress.

Transverse Reinforced Slabs shall be designed with a
single 32k axle.

3.75 H Loading

The H loadings consist of a two-axle truck or the
correspondinglaneloading asillustratedin Figures3.7.6A
and 3.7.6B. TheH loadingsare designated H followed by
a number indicating the gross weight in tons of the
standard truck.

3.7.6 HS Loading

The HSloadings consist of atractor truck with semi-
trailer or the corresponding lane load as illustrated in
Figures 3.7.7A and 3.7.6B. The HS loadings are desig-
nated by the letters HS followed by a number indicating
the grossweight in tons of thetractor truck. The variable
axlespacing hasbeenintroduced in order that the spacing
of axlesmay approximatemoreclosely thetractor trailers
now in use. The variable spacing also provides a more




c BRIDGE DEsIGN SpeciFicaTioNs ¢ FEBruARY 2004
a/trans

A
O

T A1 1
1 }
H 20-44 8,000 LBS. 32,000 LBS*
H 15-44 6,000 LBS. 24,000 LBS.
14'-0" [

l
2l w=TOTAL WEIGHT OF 3
s TRUCK AND LOAD |3
oI W} -—-Joaw
' |
i
01 W . 04wl

|

CLEARANCE AND
LOAD LANE WIDTH

101_0"

CURB,
i J

21_0" 61_0" 21_0"

FIGURE 3.7.6A  Standard H Trucks

*  Inthedesign of timber floors and orthotropic steel decks (excluding transverse beams) for H 20 loading, one axle
|oad of 24,000 pounds or two axleloads of 16,000 pounds each spaced 4 feet apart may be used, whichever produces
the greater stress, instead of the 32,000-pound axle shown.

**  For slab design, the center line of wheels shall be assumed to be 1 foot from face of curb. (See Article 3.24.2)
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~——Concentrated Load -

18,000 Ibs. for Moment*
26,000 Ibs. for Shear

/XUniform Load 640 Ibs per linear foot of load lane

H20 - 44 LOADING
HS20 - 44 LOADING

~——Concentrated Load -

13,500 Ibs. for Moment*
19,500 Ibs. for Shear

‘/X Uniform Load 480 Ibs per linear foot of load lane

H15 - 44 LOADING
HS15 - 44 LOADING

FIGURE 3.7.6B LaneLoading

*  For theloading of continuous spans involving lane loading refer to Article 3.11.3 which provides for an

additional concentrated load.

satisfactory loading for continuous spans, in that heavy
axle loads may be so placed on adjoining spans as to
produce maximum negative moments.

3.7.7 P Loading

Ploads(permit designliveloads) arespecial vehicular
loads that shall be applied at the factored level in Load
Factor Design and at service level for fatigue consider-
ationsin steel structures. See Figure 3.7.7B.

38 IMPACT

3.8.1 Application

Highway live loads shall beincreased for those struc-
tural elementsin Group A, below, to allow for dynamic,
vibratory and impact effects. Impact allowancesshall not
be appliedtoitemsin Group B. It isintended that impact
be included as part of the loads transferred from super-
structure to substructure, but shall not be included in

3-6 Section3  Loabs

|oads transferred to footings nor to those parts of pilesor
columns that are below ground.

38.1.1 Group A-Impact Shall belncluded

(1) Superstructure, including legs of rigid frames.

(2) Piers, (with or without bearings regardless of
type) excluding footings and those portions be-
low the ground line.

(3) The portions above the ground line of concrete
or steel pilesthat support the superstructure.

3.8.1.2 Group B-Impact Shall Not be

Included

(1) Abutments, retaining walls, piers, piles, except
as specified in 3.8.1.1 (3).

(2) Foundation pressures and footings.

(3) Timber structures.

(4) Sidewalk loads.

(5) Culverts and structures having 3 feet or more
cover.
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1 ] N I
HS20-44 8,000 LBS. 32,000 LBS. 32,000 LBS.*
HS15-44 6.000 LBS. 24,000 LBS. 24,000 LBS.

2
5| 3 2|
>4 14'-0" o'l Vv (=)
%

04 W

o
T
—@IE—————-{OAW} : =
—EJ,E—

)
._.‘ég : : : 04 W
!

COMBINED WEIGHT ON THE FIRST TWO AXLES WHICH IS THE SAME

AS FOR THE CORRESPONDING H TRUCK.
VARIABLE SPACING — 14 FEET TO 30 FEET INCLUSIVE. SPACING TO BE

USED IS THAT WHICH PRODUCES MAXIMUM STRESSES.

CLEARANCE AND
LOAD LANE WIDTH

100"

=

<
1]

CURB

-

TEL
20" 60" 20"

FIGURE 3.7.7A Standard HS Trucks

*  Inthedesign of timber floors and orthotropic steel decks (excluding transverse beams) for H 20 loading, one axle
|oad of 24,000 pounds or two axleloads of 16,000 pounds each spaced 4 feet apart may be used, whichever produces
the greater stress, instead of the 32,000-pound axle shown.

**  For dlab design, the center line of wheels shall be assumed to be 1 foot from face of curb. (See Article 3.24.2)
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46" typ.
2.3
180" 180" 180" 180" 180" 180"
P5 26K 48K 48K — — — —  Min. Veh.
P7 28K 48K 48K 48K — — —
Pg 26K 48K 48K 48K 48K - —
P11 26K 48K 48K 48K 48K 48K —
P13 -26K - 4BK 48K 48K 48K 48K Max. Veh.

= A

(3Kl

s |
2

l 18-0" 18-0"

48K

I@ e

18-0" l 18-0"

K R

6K

Al)\

K|
Kl [6K]

18-0" l

18-0" J

10-0" clearance

FIGURE 3.7.7B Permit Design Live L oads

Section3  Loabs
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3.8.2 Impact Formula

3.8.2.1 Theamount of theimpact allowanceor
incrementisexpressed asafraction of theliveload stress,
and shall be determined by the formula:

50

T L4125 (3-1)
in which,

I = impact fraction (maximum 30 percent);

L = lengthinfeetof theportionof thespanthatis
loaded to produce the maximum stressinthe
member as defined in 3.8.2.2..

3.8.2.2 For uniformity of application, in this

formula, the loaded length, L, shall be as follows:

(@ For roadway floors: The design span length.

(b) For transverse members, such as floor beams:
the span length of member center to center of
supports.

(c) For computing truck load moments: the span
length, or for cantilever armsthelengthfromthe
moment center to the farthermost axle.

(d) For shear due to truck loads: the length of the
loaded portion of span from the point under
consideration to the far reaction. For cantilever
arms use a 30 percent impact factor.

(e) For continuous spans: the length of span under
consideration for positive moment, and the av-
erage of two adjacent |oaded spansfor negative
moment and reaction.

(f)  For culverts and other underground structures
with cover of less than three feet use an impact
fraction of 0.30.

3.8.2.3 For Culverts See "SECTION 6 -
CULVERTS'.
3.9 LONGITUDINAL FORCES

3.9.1 Provisionshall bemadefor theeffect of
alongitudinal force of 5 percent of the live load in all
lanes carrying traffic headed in the same direction. All
lanes shall be loaded for bridges likely to become one

directional in the future. The load used, without impact,
shall be the lane load plus the concentrated load for
moment specified in Article 3.7, with reduction for mul-
tiple-loaded lanesas specifiedin Article 3.12. The center
of gravity of thelongitudinal force shall beassumedto be
located 6 feet above the floor slab and to be transmitted
to the substructure through the superstructure.

3.10 CENTRIFUGAL FORCES

3.10.1 Structures on curves shall be designed
for a horizontal radial force equal to the following per-
centage of the live load, without impact, in al traffic
lanes:

2
C=0.001178’D = 6'6135 (3-2)
where,
C = thecentrifugal force in percent of theliveload,
without impact;
S = thedesign speed in miles per hour;
D = thedegree of curve
R = theradius of the curvein feet.
3.10.2 The effects of superelevation shall be

taken into account.

3.10.3 Thecentrifugal forceshall beapplied 6
feet above the roadway surface, measured aong the
centerline of the roadway. The design speed shall be
determined with regard to the amount of superelevation
providedintheroadway. Thetrafficlanesshall beloaded
in accordance with the provisions of Article 3.7.

3.104 The loads and the number and posi-
tions of lanes loaded for centrifugal force shall be the
same as for live load in the case under consideration.
Design speed for P loads shall be 25 mph (max.).

3.10.5 When areinforced concrete floor slab
or asteel griddeck iskeyedtoor attached toitssupporting
members, it may be assumed that the deck resists, within
its plane, the shear resulting from the centrifugal forces
acting on the live load.

Section3  Loabps 3-9
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3.11 APPLICATION OF LIVE LOAD

3.11.1 Traffic Lane Units

In computing stresses, each 10-foot laneload or single
standard truck shall be considered asaunit, and fractions
of load lane widths or trucks shall not be used.

3.11.2 Number and Position of Traffic

Lane Units

Thenumber and position of thelaneload or truck loads
shall be as specified in Article 3.7 and, whether lane or
truck loads, shall be such asto produce maximum stress,
subject to the reduction specified in Article 3.12.
3.11.3 Lane Loads on Continuous Spans

For the determination of maximum negative moment
inthe design of continuous spans, the laneload shownin
Figure 3.7.6B shall be modified by the addition of a
second, equal weight concentrated load placed in one
other span in the series in such position to produce the
maximum effect. For maximum positive moment, only
one concentrated load shall be used per lane, combined
with as many spans loaded uniformly as are required to
produce maximum moment.

3.11.4 Loading for Maximum Stress
3.11.4.1 On both simple and continuous spans,
thetype of loading, whether laneload or truck load, to be
used shall be the loading which produces the maximum
stress. Themoment and shear tablesgivenin Appendix A
show which type of loading controls for simple spans.

3.11.4.2 For continuous spans, the lane loading
shall be continuous or discontinuous; only one standard
H or HS truck per lane shall be considered on the
structure.

3.11.4.3 Loading for Load Factor
Design

Apply H, HS, and Alternate Military L oadings, inter-
changeably, one per lane, for both strength and service-
ability considerationsin all materials.

3-10 Section3  Loabs

Apply P loads for strength considerations only in all
materials, and for serviceability under fatigue in struc-
tural steel. InLoad Combination I pc, distributionfollows
the same rules as Load Combination I. In Load Combi-
nation |pw, the P load shall be used alone or in conjunc-
tion with one HS or Alternate Military Loading in a
separate traffic lane depending upon which is most se-
vere.

3.12 REDUCTION IN LOAD INTENSITY

3.12.1 Wheremaximum stressesare produced
in any member by loading a number of traffic lanes
simultaneously, the following percentages of the live
loads shall be used in view of the improbability of
coincident maximum loading:

Percent
ONEor tWO [aNES.......ccvvecreeeieecee e 100
THrEE laNES.....c.veecve e 90
Four [anes or MOrE........cceceeecveeiiieccee e, 75

3.12.2 The reduction in intensity of loads on
transverse members such as floor beams shall be deter-
mined asin the case of main trusses or girders, using the
number of traffic lanes across the width of roadway that
must be |l oaded to produce maximum stressesin the floor
beam.

313 ELECTRICRAILWAY LOADS

If highway bridges carry electric railway traffic, the
railway loads shall be determined fromtheclassof traffic
which the bridge may be expected to carry. The possibil-
ity that the bridge may be required to carry railroad
freight cars shall be given consideration.

3.14 SIDEWALK, CURB, AND RAILING
LOADING
3.14.1 Sidewalk Loading
3.14.1.1 Sidewalk floors, stringers and their
immediate supports, shall be designed for alive load of
85 pounds per square foot of sidewalk area. Girders,

trusses, arches and other members shall be designed for
the following sidewalk live loads:

+ o+ + + + + + 4
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SpansOto25feetinlength ......cccccovenene. 851b./ft.2
Spans26to 100 feetinlength............c.c...... 601b./ft.2
Spansover 100feetinlengthaccordingtotheformula

P_g‘éo_'_&()o':gaé& Wo

= —n " 3-3
e L ﬂg 0 g (33)
inwhich,
P = liveload per squarefoot, max. 60-Ib. per sq. ft.;
L = loadedlength of sidewalk infeet;

W = width of sidewalk in feet.

3.14.1.2 Incal culating stressesinstructuresthat
support cantilevered sidewalks, the sidewalk shall be
fully loaded on only one side of the structure if this
condition produces maximum stress.

3.14.1.3 Bridgesfor pedestrian, equestrianand/
or bicycle traffic shall be designed for alive load of 85
PSF. Check equestrian bridge for 0.5(H20) = (H10)
loading.

3.14.1.4 Where bicycle or pedestrian bridges
areexpectedto beused by maintenancevehicles, special
design consideration should bemadefor theseloads. The
following loads shall be used:

Clear deck width from 6 ft to 10 ft:
0.25(H20) = (H5) loading

Clear deck width over 10 ft:
0.5(H20) = (H10)

Clear deck widths of lessthan 6 ft:
need not be designed for amaintenancevehicle
load.

In all cases, a single truck shall be positioned to
produce the maximum load effect. The maintenance
vehicleliveload shall not beplacedincombinationwith
the pedestrian live load.

3.14.1.5 The frequency of pedestrian footfall
loads in either the vertical or lateral direction shall not
resonatewiththenatural frequenciesof thestructure. The
fundamental frequency shall beaminimumof 3Hzinthe
vertical direction and 1.3 Hz in the lateral direction,
unless detailed analysis justifies otherwise.

3.14.2 Curb Loading

3.14.2.1 Curbsshall be designed toresist alat-
eral force of not less than 500 pounds per linear foot of
curb, applied at thetop of the curb, or at an elevation 10
inchesabovethefloor if thecurbishigher than 10inches.

3.14.2.2 Where sidewalk, curb, and traffic rail
form an integral system, the traffic railing loading shall
be applied and stresses in curbs computed accordingly.

3.14.3 Railing Loading

For Railing Loads, see Article 2.7.

3.15 WIND LOADS

The wind load shall consist of moving uniformly
distributed loads applied to the exposed area of the
structure. The exposed areashall be the sum of the areas
of all members, includingfloor systemandrailing, asseen
inelevation at 90 degreesto thelongitudinal axisof the
structure. Theforcesandloadsgiven hereinarefor abase
wind velocity of 100 mile per hour. For Group Il and
Group V loading, but not for Group Il and Group VI
loadings, they may bereduced or increased intheratio of
thesquareof thedesignwindvel ocity tothesquareof the
basewindvelocity providedthat themaximum probable
wind velocity can be ascertained with reasonabl e accu-
racy, or provided that there are permanent features of the
terrain which make such changessafeand advisable. If a
changein the design wind velocity is made, the design
wind velocity shall be shown on the plans.

3.15.1 Superstructure Design

3.151.1 Group Il and Group V
L oadings

3.15.1.1.1 A windload of thefollowingintensity
shall beapplied horizontally at right anglesto thelongi-
tudinal axis of the structure:

For trusses and arches...... 75 pounds per square foot
For girders and beams ..... .50 pounds per square foot
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3.15.1.1.2 The total force shall not be less than
300 pounds per linear foot in the plane of the windward
chord and 150 pounds per linear foot in the plane of the
leeward chord on truss spans, and not less than 300
pounds per linear foot on girder spans.

3.15.1.2 Group Il and Group VI
L oadings

Group I11 and Group VI loadings shall comprise the
loadsused for Group Il and Group V loadingsreduced by
70 percent and a load of 100 pounds per linear foot
applied at right angles to the longitudinal axis of the
structure and 6 feet above the deck as awind load on a
moving live load. When areinforced concrete floor slab
or asteel grid deck iskeyedtoor attachedtoitssupporting
members, it may be assumed that the deck resists, within
its plane, the shear resulting from the wind load on the
moving live load.

3.15.2  Substructure Design

Forces transmitted to the substructure by the super-
structure and forces applied directly to the substructure
by wind loads shall be as follows:

3.15.2.1 Forces from Superstructure

3.15.2.1.1 For unusual or major structures the
transverse and longitudinal forces transmitted by the
superstructure to the substructure for various angles of
wind direction shall beas set forth inthefollowing table.
Theskew angleismeasured from the perpendicular tothe
longitudinal axisand the assumed wind direction shall be
that which produces the maximum stressin the substruc-
ture. The transverse and longitudinal forces shall be
applied simultaneously at the elevation of the center of
gravity of the exposed area of the superstructure.

Trusses Girders
Skew Angle Lateral Longitudinal  Lateral Longitudinal
of Wind Load Load Load Load
Degrees PSF PSF PSF PSF
0 75 0 50 0
15 70 12 44 6
30 65 28 41 12
45 47 41 33 16
60 24 50 17 19

The loads listed above shall be used in Group Il and
Group V loading as given in Article 3.22.

3.15.2.1.2 For Group Il and Group V1 loadings,
the loads may be reduced by 70 percent and a load per
linear foot added as a wind load on a moving live load,
as given in the following table:

Skew Angle
of Wind Lateral Load Longitudind Load
Degrees Ib./ft. Ib./ft.
0 100 0
15 88 12
30 82 24
45 66 32
60 34 38
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Thisload shall be applied at a point 6 feet above the
deck.

3.15.2.1.3 For the usua girder and slab bridges
the following wind loading may be used.

W  (wind load on structure)
50 pounds per square foot, transverse;
12 pounds per square foot, longitudinal;
Both forces shall be applied simultaneously.
WL (wind load on live load)
100 pounds per linear foot, transverse;
40 pounds per linear foot, longitudinal;
Both forces shall be applied simultaneously.

3.15.2.2 Forces Applied Directly to the

Substructure

The transverse and longitudinal forces to be applied
directly to the substructure for a 100-mile per hour wind
shall be calculated from an assumed wind force of 40
pounds per square foot. For wind directions assumed
skewed to the substructure this force shall be resolved
into components perpendicular to the end and front
elevations of the substructure. The component perpen-
dicular to the end elevation shall act on the exposed
substructure areaas seenin end elevation and the compo-
nent perpendicular to the front elevation shall act on the
exposed areas and shall be applied simultaneously with
the wind loads from the superstructure. The above loads
arefor Group !l and GroupV loadingsand may bereduced
by 70 percent for Group |11 and Group VI loadings, as
indicated in Article 3.22.

+
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3.15.3 Overturning Forces

Theeffect of forcestendingto overturnstructuresshall
becal culatedunder Groupsl1, I11,V,and V1 of Article3.22
assuming that the wind directionis at right anglesto the
longitudinal axis of the structure. In addition, an upward
forceshall beapplied at thewindward quarter point of the
transverse superstructure width. This force shall be 20
pounds per squarefoot of deck and sidewalk plan areafor
Group Il and group V combinations and 6 pounds per
square foot for Group I11 and Group VI combinations.

3.16 THERMAL FORCES

Provisions shall be made for stresses or movements
resulting fromvariationsintemperature. Theriseandfall
intemperature shall befixed for thelocality in which the
structureisto be constructed and shall be computed from
an assumed temperature at the time of erection. Due
consideration shall be given to the lag between air tem-
peratureand theinterior temperature of massive concrete
members or structures.

The range of temperature shall generally be as
follows:

Air Temperature
Range

Design Range
Concrete

Steel

Rise or Fall 40° F
Movement/Unit
Length
.00024

Rise or Fall 60° F
Movement/Unit

Extreme: 120° F
Certain mountain
and Length

desert locations .00039

Rise or Fall 35° F

Moderate: 100° F | Riseor Fall 50° F

Interior Valleys Movement/Unit Movement/Unit
and most Length Length
mountain locations .00033 .00021

Mild: 80° F Rise or Fall 40°F Rise or Fall 30° F
Coastal Areas, Los Movement/Unit Movement/Unit
Angeles, and San Length Length
Francisco Bay Area .00026 .00018

Provisions shall be made in concrete structures for
stresses and movements resulting from shrinkage, as
follows:

Arches - Shrinkage Coefficient...........c.ccocc.e.. 0.0002

Prestressed Structures - See Division 1, Section 9 of
this volume.

Other Structures- Thetemperaturefall from anormal
temperature as given above provides adequately for
stress and movement caused by shrinkage.

317 UPLIFT

3.17.1 Provision shall be made for adequate
attachment of the superstructure to the substructure by
ensuring that the calculated uplift at any support is
resisted by tension membersengaging amass of masonry
equal to the largest force obtained under one of the
following conditions:

(@ 100 percent of the calculated uplift caused by
any loading or combination of loadingsinwhich
thelive plusimpact loading isincreased by 100

percent.

(b) 150 percent of the calculated uplift at working
load level.

(c) 100 percent of the calculated uplift for load
factor design.

3.17.2 Anchor boltssubject totension or other
elements of the structures stressed under the above con-
ditions shall be designed at 150 percent of the allowable
basic stress.

3.18 FORCE FROM STREAM CURRENT,
FLOATING ICE AND DRIFT

All piers and other portion so structures that are
subject to theforce of flowing water, floating ice, or drift
shall be designed to resist the maximum stressesinduced
thereby.

3.18.1 Force of Stream Current on Piers

3.18.1.1 Stream Pressure

3.18.1.1.1 Theeffectof flowingwater onpiersand
drift build-up, assuming asecond degree parabolic vel oc-
ity distribution and thus a triangular pressure distribu-
tion, shall be calculated by the formula:

Pavg = K(Vavg )2 (3'4)
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where:

Pang = averagesteam pressure,inpoundsper square
foot;

Vag = averagevelocity of water infeet per second,
computed by dividing the flow rate by the
flow area,

K = aconstant, being 1.4 for all pierssubjectedto

drift build-up and square-ended piers, 0.7 for
circular piers, and 0.5 for angle-ended piers
where the angle is 30 degrees or less.

The maximum stream flow pressure, Py, shall be
equal to twice the average stream flow pressure, Py,
computed by Equation 3-4. Stream flow pressure shall be
atriangular distribution with Py located at the top of
water elevation and a zero pressure located at the flow
line.

3.18.1.1.2 The stream flow forces shall
be computed by the product of the stream flow pressure,
taking into account the pressure distribution, and the
exposed pier area. In cases where the corresponding top
of water elevation is above the low beam elevation,
stream flow |oading on the superstructure shall beinves-
tigated. The stream flow pressure acting on the super-
structure may be taken as Ppax With a uniform distribu-
tion.

3.18.1.2 Pressure Components

Whenthedirection of streamflow isother than normal
to the exposed surface area, or when bank migration or a
change of stream bed meander is anticipated, the effects
of the directional components of stream flow pressure
shall be investigated.

3.18.1.3 Drift Lodged Against Pier

Where a significant amount of drift lodged against a
pier isanticipated, theeffectsof thisdrift buildup shall be
considered in the design of the bridge opening and the
bridge components. The overall dimensions of the drift
buildup shall reflect the selected pier locations, site
conditions, and known drift supply upstream. Whenit is
anticipated that the flow area will be significantly
blocked by drift buildup, increases in high water eleva-
tions, stream velocities, stream flow pressures, and the
potential increasesin scour depths shall be investigated.

3-14 Section3  Loabs

3.18.2 Force of Ice on Piers

Pressure of ice on piers shall be calculated at 400
pounds per square inch. The thickness of ice and height
at whichit appliesshall be determined by investigation at
the site of the structure.

3.19 BUOYANCY

Buoyancy shall be considered where it affects the
design of either substructure, including piling, or the
superstructure.

320 EARTH PRESSURE

3.20.1 Structureswhichretain level fillsshall
be proportioned to withstand pressure as given by
Rankine'sformula, or by other expressionsgivenin Sec-
tion 5, "Retaining Walls"; provided, however, that no
vertical wall structure shall be designed for less than an
equivalent fluid unit weight of 36 pounds per cubic foot,
except that themaximum|oad ontheheel sof wall footings
shall be determined by using an equivalent fluid unit
weight of 27 pounds per cubic foot.

3.20.2 For rigidframesamaximumof one-half
of the moment caused by earth pressure (lateral) may be
used to reduce the positive moment in the beams, in the
top slab, or inthetop and bottom slab, asthe case may be.

3.20.3 When highway traffic can comewithin
ahorizontal distancefromthetop of thestructureequal to
one-half itsheight, thepressureshall haveaddedtoitalive
|oad surcharge pressure equal to not lessthan 2 feet of the
earth.

3.20.4 Where an adequately designed rein-
forced concrete approach slab supported at one end by
the bridge is provided, no live load surcharge need be
considered.

3.20.5 All designs shall provide for the thor-
ough drainage of the back-filling material by means of
weep holesand crushed rock, pipedrainsor gravel drains,
or by perforated drains.

+ o+ + o+
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3.21 EARTHQUAKES

All structures shall be designed to resist earthquake
motions by considering the relationship of the site to
activefaults, the seismic response of the soils at the site,
and the dynamic response characteristics of the total
structure and its individual components in accordance
with the Caltrans Seismic Design Criteria.

Part B
Combinations of Loads

3.22 COMBINATIONS OF LOADS

3.22.1 The following Groups represent vari-
ous combination of loads and forcesto which astructure
may be subjected. Each component of thestructure, or the
foundation on which it rests, shall be proportioned to
withstand safely all group combinations of these forces
that are applicable to the particular site or type. Group
|oading combinationsfor Service Load Design and L oad
Factor Design are given by:

Group (N) = Y[BpD + B (L +1) + BcCF +BeE + BB
+ BSSF + wa + BpsPS+ BWLWL + BLL F
+Br(R+S+T) +BeoEQ+ Bicel CE+BcrCT]

(3-10)
where
N = group number;
% = load factor, see Table 3.22.1A and B;
B = coefficient, see Table 3.22.1A and B;
D = deadload,
L = liveload;
I = liveload impact;
E = earthpressure;
B = buoyancy;
W = windload on structure;
WL = windload on live load-100 pounds per
linear foot;
LF = longitudina force from live load;
CF = centrifugal force;
R = ribshortening;
S = shrinkage;
T = temperature;
EQ = -earthquake;
SF = stream flow pressure;
ICE = icepressure;
PS = prestress.
CT = truck collision
3.22.2 For serviceload design, the percentage

of the basic unit stress for the various groupsisgivenin
Table 3.22.1B.

The loads and forces in each group shall be taken as
appropriate from Articles 3.3 to 3.21. The maximum
section required shall be used.
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TABLE 3.22.1A Factorsfor Load Factor Design
Gammal Beta Factors

Group | Fador [ D [(L+DH[(L+)F CF [ E [ B [ SF| W [WL[LF [PS |R+S+T| EQ [ICE| CT
l, | 130 |pD|167| O | 1 ([BE| 1 | 1| 0| O[O 077 O | O | O] O
l. |130 |[BD| O 1| 1|peEl1|1|0|O0| 0077l O |O]|O]|O
low 1.30 BD 1 1151 1 |BE| 1 1 0 0 0 |077| O 0 0 0
l, | 130 |BD| 1 |125| 1 |[BE| 1| 1| O | O |O|0O77/ O | O | O] O
I |130 |pD| O o|o|BE| 21| 12|12]|0]o0l077] O |O|O]|oO
11 1.30 BD 1 0 1 [BE| 1 1 /03] 1 1 |077] O 0 0 0
v 1.30 BD 1 0 1 |BE| 1 1 0 0 0 |077] 1 0 0 0
\% 1.25 BD 0 0 0 |BE| 1 1 1 0 0 [080| 1 0 0 0
\ 1.25 BD 1 0 1 |BE| 1 1 ]1]03] 1 1 (080 1 0 0 0
VII 1.00 1 0 0 0 |BE| 1 1 0 0 0 [100| O 1 0 0
VI | 1.30 BD 1 0 1 |[BE| 1 1 0 0 0 |077] O 0 1 0
IX 1.20 BD 0 0 0 |BE| 1 1 1 0 0 [083| O 0 1 0
X* | 130 |pBD | 167 0 O |BE| O 0 0 0 0 |067| O 0 0 0
XI 1.0 10| 05 0 O |BE| O 0 0 0 0 |10 0 0 0 1

H denotes H |oads.

PC denotes P loads on closely spaced girders used only for superstructures.

PW denotes P loads on widely spaced girders and substructures.

P3D denotes P loads only on superstructures when three-dimensional analysisis used for load distribution.

BD = 0.75 when checking columns for maximum moment or maximum eccentricities and associated axial
load; and when Dead L oad effects are of opposite sign to the net effects of other loads in a Group.

BD = 1.00 when checking columns for maximum axial load and associated moment.
BD = 1.00 for flexura and tension members and for culverts.

BE = 0.50 for checking positive momentsin rigid frames.

BE = 1.00 for vertical earth pressure and for rigid culverts.

BE = 1.30for lateral earth pressure. (Not for culverts.)

BE = 1.50 for flexible culverts.

* Group X applies only to culverts. Other Groups do not apply to culverts.

3-16 Section3  Loabs




&

BRIDGE DEsicN SpeciFicaTions ¢ FEBruARY 2004

ltrans
TABLE 3.22.1B Factorsfor ServiceLoad Design*
Gammal Beta Factors
Group | Fector | D | L+l [CF E B SF |W (WL |LF [P, R+SHT|ICE| %
| 1.0 1 1 1 1 1 1 0 0 0 1 0 0 |100
I 1.0 1 0 0 1 1 1 1 0 0 1 0 0 |125
11 1.0 1 1 1 1 1 1 (03 1 1 1 0 0 125
I\ 10 1 1 1 1 1 1 0 0 0 1 1 0 | 125
\% 10 1 0 0 1 1 1 1 0 0 1 1 0 | 140
VI 10 1 1 1 1 1 1 ]03 1 1 1 1 0 |140
VI 10 1 1 1 1 1 1 0 0 0 1 0 1 |140
IX 10 1 0 0 1 1 1 1 0 0 1 0 1 | 150

*  Not applicable for culvert design. Use Load Factor Design.

% Indicates percentage of basic unit stress.

No increase in alowable unit stresses shall be permitted for members or connections carrying wind loads only

P Loads apply in Service Load design only for checking serviceability under fatigue in structural steel.

When EQ loads are applied, Load Factor Design shall be used to analyze their effects.

Section3  Loabps
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3.22.3 For load factor design, the gammaand
betafactorsgivenin Table 3.22.1A are only intended for
designing structural membersby theload factor concept.
Theload factorsare not intended to be used when check-
ing the foundation stability (safety factors against over-
turning, sliding, etc.) of a structure.

3.22.4 When long span structures are being
designed by load factor design, the gamma and beta
factorsspecifiedfor Load Factor Designrepresent general
conditions and should be increased if, in the Engineer's
judgment, expected loads, service conditions, or materi-
alsof construction aredifferent from thoseanticipated by
the specifications.

3.22.5 Atthefactoredlevel al structuresshall
be analyzed for the effect of both HS and P Loads as
defined in Article 3.7 using the group loading combina-
tions of Table 3.22.1A. P Loads shall be considered as
follows:

Group Ipc applies only for P Load application to
superstructuresfor which Footnotef to Table3.23.1
does not apply. The distribution follows the same
rules as appliesto H Loads, Article 3.23.

Group Ipy applies for P Load application for which
Footnote f to Table 3.23.1 applies. Group I py also
appliestoall substructuresincluding bentsand pier
caps entirely contained within the superstructure.
Load combination Ipy is to be applied in accor-
dance with Article 3.11.

Group Ipsp applies only for P load application to
superstructuresfor whichathreedimensional analy-
sisfor liveloads hasbeen conducted that explicitly
considers the lateral stiffness and load transfer
characteristicsof thesuperstructureelements. L oad
combination lpsp is to be applied in accordance
with Article 3.11.

3.22.6 Load factor design methods of
AASHTO using Load Group 1B shall be used for the
analysis of specific loads that do not conform to any
design loading specified herein. Distribution of such
loads shall be consistent with the nature of the load and
provisions of these specifications.
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Part C
Distribution of Loads

3.23 DISTRIBUTION OF LOADS TO
STRINGERS, LONGITUDINAL
BEAMS, AND FLOOR BEAMS*

3.23.1 Position of Loads for Shear

3.23.1.1 In calculating end shearsand end reac-
tions in transverse floor beams and longitudinal beams
and stringers, no longitudinal distribution of the wheel
|oad shall be assumed for the wheel or axleload adjacent
to the end at which the stressis being determined.

3.23.1.2 Lateral distribution of the wheel load
shall bethat produced by assuming the flooring to act as
a simple span between stringers or beams. For loads in
other positionsonthe span, thedistribution for shear shall
be determined by the method prescribed for moment,
except that the cal culations of horizontal shear in rectan-
gular timber beams shall be in accordance with Article
13.3.

3.23.2 Bending Moments in Stringers and
Longitudinal Beams**
3.23.2.1 General

In calculating bending moments in longitudinal
beams or stringers, no longitudinal distribution of the
wheel loads shall be assumed. The lateral distribution
shall be determined as follows.

3.23.2.2 Interior Stringers and Beams

The live load bending moment for each interior
stringer shall be determined by applying to the stringer

*  Provisionsin this Article shall not apply to orthotropic deck
bridges.

** |nview of the complexity of thetheoretical analysisinvolved
in the distribution of wheel loads to stringers, the empirical
method herein describedisauthorized for thedesign of normal
highway bridges.
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the fraction of awheel load (both front and rear) deter-
mined in Table 3.23.1.

3.23.2.2.1 The dead load bending moments for
eachinterior stringer shall be determined by applying the
panel load to the stringer. Box girdersdesigned aswhol e-
width units shall have the dead |oad applied uniformly to
the whole cross-section.

3.23.2.2.2 Curbs,sidewalks, railings, andwearing
surface may be considered equally distributed to all
roadway stringers or beams, but shall not be distributed
beyond a longitudinal expansion joint in the roadway
slab.

3.23.2.2.3 Theweight of each utility to becarried
on astructure shall be distributed to supporting longitu-
dinal membersassuming asimplebeam betweenlongitu-
dinal members.

3.23.2.3 Outside Roadway Stringers

and Beams
3.23.2.3.1 Steel-Timber-Concrete T-Beams

3.23.2.3.1.1 The dead load supported by
the outsideroadway stringer or beam shall bethat portion
of the floor slab carried by the stringer or beam. Curbs,
railings, and wearing surface, if placed after the slab has
cured, may bedistributed equally to all roadway stringers
or beams.

3.23.2.3.1.2 The live load bending mo-
ment for outside roadway stringers or beams shall be
determined by applying to the stringer or beam the
fraction of a wheel line determined by multiplying the
value of the interior stringers or beams by

We/S

The top slab width as measured from the
outside face of the slab to the midpoint
between the exterior and interior stringer or
beam. The cantilever dimension of any slab
extending beyond the exterior girder shall
not exceed S/2, measured fromthecenterline
of the exterior beam.

averagestringer spacinginfeet. If Sexceeds
values given in Table 3.23.1 use footnote f.

3.23.2.3.1.3  When the outside roadway
beam or stringer supports the sidewalk live load as well
as traffic live load and impact and the structure is to be
designed by the serviceload method, the allowabl e stress
inthebeam or stringer may beincreased by 25 percent for
the combination of dead load, sidewalk live load, traffic
live load, and impact, providing the beam is of no less
carrying capacity than would berequiredif therewereno
sidewalks. When the combination of sidewalk live load
and traffic live load plus impact governs the design and
the structure isto be designed by the load factor method,
1.25 may be used as the beta factor in place of 1.67.

3.23.2.3.1.4 In no case shal an exterior
stringer have less carrying capacity than an interior
stringer.

3.23.2.3.1.5 Deleted
3.23.2.3.2 Concrete Box Girders

Dead |oad and liveload distribution to exterior girders
shall beincluded in whole-width unit designsasgivenin
Article 3.23.2.2.

3.23.2.3.3 Total Capacity of Stringers and
Beams

The combined design load capacity of al the beams
and stringers in a span shall not be less than required to
support the total live and dead load in the span.

3.23.3 Bending Moments in Floor Beams
(Transverse)

3.23.3.1 In calculating bending moments in
floor beams, no transversedistribution of thewheel |oads
shall be assumed.

3.23.3.2 If longitudinal stingersareomitted and
the floor is supported directly on floor beams, the beams
shall be designed for loads determined in accordance
with Table 3.23.3.1.
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TABLE 3.23.1 Distribution of Wheel Loadsin
L ongitudinal Beams
Bridge Designed
Bridge Designed for for Two or more
Kind of Floor OneTraffic Lane Traffic Lanes
Timbera;
Plankb S/4.0 S/3.75
Nail laminatedc
4" thick or multiple
layerd floors over
5" thick S/4.5 S/4.0
Nail laminatede
6" or morethick  S/5.0 S/4.25
If Sexceeds5' If Sexceeds 6.5
use footnote f. use footnote f.
Glued Laminatede
Panels on glued
Laminated Stringers
4" thick S/4.5 S/4.0
6" or more thick S/6.0 S/5.0
If Sexceeds 6' If Sexceeds 7.5
use footnote f. use footnote f.
On Steel Stringers
4" thick S/4.5 S/4.0
6" or more thick S/5.25 S/4.5
If Sexceeds5.5' If Sexceeds 7'
use footnote f. use footnote f.
Concrete:
On Steel 1-Beam
Stringers? and
Prestressed
Concrete Girders SI7.0 S/5.5
If S exceeds 10' If S exceeds 14'
use footnote f. use footnote f.
On Concrete
T-Beamsk S/6.5 S/6.0
If S exceeds 6' If S exceeds 15'
use footnote f. use footnote f.
On Timber
Stringers S/6.0 S/5.0
If Sexceeds 6' If S exceeds 10'
use footnote f. use footnote f.
Concrete box girdershi:
Designed as whole width units. Overall deck width
Do not apply Article 3.12. 7.0
On Steel Box Girders See Article 10.39.2.
On Prestressed Concrete
Spread Box Beams See Article 3.28.
Steel Grid:
(Lessthan 4" thick) S/4.5 S/4.0
(4" or more) S/6.0 S/5.0
If Sexceeds 6' If S exceeds 10.5'
use footnote f. use footnote f.
Steel Bridge
Corrugated Planki
(2" min. depth)  S/5.5 S/4.5
3-20 Section3  Loabps

S = average stringer spacing in feet.

#Timber dimensions shown are for nominal thickness.

bPlank floors consist of pieces of lumber laid edge to edge with
the wide faces bearing on the supports. (See Article 16.3.11-Divison II).

°Nail laminated floors consist of pieces of lumber laid face to
face with the narrow edges bearing on the supports, each piece
being nailed to the preceding piece. (See Article 16.3.12-Division II).

dMultiple layer floors consist of two or more layers of planks,
each layer being laid at an angle to the other. (See Article 16.3.11-
Division I1).

°Glued laminated panel floors consist of vertically glued laminated
members with the narrow edges of the laminations bearing on the
supports. (See Article 16.3.13-Division 11).

fIn this case the load on each stringer shall be the reaction of the
wheel loads, assuming the flooring between the stringers to act as a
simple beam.

9"Design of I-Beam Bridges' by N. M. Newmark-Proceedings,
ASCE, March 1948.

hThe sidewalk live load (see Article 3.14) shall be omitted for
interior and exterior box girdersdesignedin accordance with thewheel
load distribution indicated herein.

'Distribution factors for Steel Bridge Corrugated Plank set forth
above are based substantially on the following reference:

Journal of Washington Academy of Sciences, Vol. 67, No. 2, 1977
"Wheel Load Distribution of Steel Bridge Plank," by Conrad P. Heins,
Professor of Civil Engineering, University of Maryland.

These distribution factors were devel oped based on studies using
6" x 2" steel corrugated plank. The factors should yield safe resultsfor
other corrugation configurations provided primary bending stiffnessis
the same as or greater than the 6" x 2" corrugated plank used in the
studies.

JUnusual planlayouts may be designed asindividual girders, using
S/7. If Sexceeds 16' use footnote f.

k*Designof Slaband Stringer Highway Bridges', by N.M. Newmark
and C.P. Siess- Public Roads, January-February-March 1943. "Distri-
bution of Loads to Girders in Slab-and-Girder Bridges; Theoretical
Analyses and Their Relation to Field Tests' by C.P. Siessand A.S.
Veletsos - Highway Research Board Report 14-B, 1952.

3.23.4 Precast Concrete Beams Used in
Multi-Beam Decks

3.23.4.1 A multi-beam bridge is constructed
with precast reinforced or prestressed concretebeamsthat
are placed side by side on the supports. The interaction
between the beams is devel oped by continuous longitu-
dinal shear keys used in combination with transversetie
assemblieswhichmay, or may not, beprestressed, suchas
bolts, rods, or prestressing strands, or other mechanical
means. Full-depth rigid end diaphragms are needed to
ensure proper load distribution for channel, single- and
multi-stemmed tee beams.

+ o+ + 4+ + + o+
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TABLE 3.23.3.1 Distribution of Wheel L oads
in Transver se Beams

Fraction of
Wheel Load
to Each
Kind of Floor Floor Beam
Plank® s
4
Nail laminated® or glued laminated®, s
4inchesinthickness, or multiplelayerd 25
floorsmorethan 5inchesthick )
Nail |aminated®or glued |aminated’, s
6inchesor moreinthickness 5
s
Concrete Py
. . ) S
Steel grid (lessthan4inchesthick) 75
o d
Steel grid (4inchesor more) o
Steel bridge corrugated plank (2inches S
minimum depth) 55

Note:
S = spacing of floor beams in feet.

**For footnotes a through e, see Table 3.23.1.
fIf Sexceedsdenominator, theload on the beam shall bethe

reaction of the wheel sloads assuming the flooring between beams
to act as a simple beam.

3.23.4.2 In calculating bending moments in
multi-beam precast concrete bridges, conventional or
prestressed, no longitudinal distribution of wheel load
shall be assumed.

3.23.4.3 Theliveload bending moment for each
section shall be determined by applying tothe beamthe
fraction of awheel load (both front and rear) determined
by the following equation:

Olwn

Load Fraction = (3-11)

where,

S = width of precast member;

D = (5.75-0.5N,) + 0.7N_ (1 - 0.2C)?
whenC £ 5 (3-12)

D = (5.75-0.5N)whenC>5 (3-13)

N_ = number of traffic lanes from Article 3.6;

C = K(WIL) (3-14)

where,

W = overall width of bridge measured perpendicu-
lar to thelongitudinal girdersin feet;

L = spanlengthmeasured parallel tolongitudinal
girders in feet; for girders with cast-in-place
and diaphragms, use the length between end
diaphragms;

K = {@+pugv?

If the value of .f|/J exceeds5.0, thelive load distri-
bution should be determined using a more precise
method, such asthe Articulate Plate Theory or Grillage
Analysis.

where,
I = moment of inertia;
J = Saint-Venanttorsionconstant;
m = Poisson'sratio for girders.

In lieu of more exact methods, "J' may be estimated
using the following equations:

For Non-voided Rectangular Beams, Channels, Tee
Beams:

3-8 {(13)bt* (1- 0.630t/b)}

the length of each rectangular component
within the section.
the thickness of each rectangular component
withinthe section.

Theflangesand stemsof stemmed or channel sections
areconsi dered asseparaterectangul ar componentswhose
valuesaresummedtogether tocalculate"J'. Notethat for
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"Rectangular Beamswith Circular VVoids' thevalueof " J'
can usualy be approximated by using the equation
above for rectangular sections and neglecting the voids.

For Box-Section Beams:

_2tte(b—t)’(d—t )’

J
bt+dt; —t> —t%¢
where
b = theoveral width of the box,
d = theoverall depth of the box,
t = thethickness of either web,

t the thickness of either flange.

The formula assumes that both flanges are the same
thickness and uses the thickness of only one flange. The
same s true of the webs.

For preliminary design, thefollowing valuesof K may
be used.

Bridge Type Beam Type K
Multi-beam Non-voided rectangular beams 0.7
Rectangular beams with circular voids 0.8
Box section beams 1.0

Channel, single and multi-stemmed tee beams 2.2

3.24 DISTRIBUTION OF LOADS AND
DESIGN OF CONCRETE SLABS*

3.24.1 Span Lengths (See Article 8.8)

3.24.1.1 For simple spans the span length shall

be the distance center to center of supports but need not
exceed clear span plus thickness of slab.

*  Theslab distribution set forth herein is based substantially
on the "Westergaard" theory. The following references are
furnished concerning the subject of slab design.

Public Roads, March 1930, "Computation of Stresses in
Bridge Slabs Due to Wheel Loads," by H.M. Westergaard.

University of Illinois, Bulletin No. 303, "Solutions for
Certain Rectangular Slabs Continuousover Flexible Supports,”
by Vernon P. Jensen; Bulletin 304, "A Distribution Procedure
for the Analysisof Slabs Continuousover Flexible Beams," by
Nathan M. Newmark; Bulletin 315, "Momentsin Simple Span
Bridge Slabs with Stiffened Edges," by Vernon P. Jensen; and
Bulletin 346, "Highway Slab Bridges with Curbs; Laboratory
Tests and Proposed Design Method."
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3.24.1.2 The following effective span lengths
shall be used in calculating the distribution of loads and
bending moments for slabs continuous over more than
two supports:

(@ Slabs monalithic with beams or slabs mono-
lithic with wallswithout haunchesand rigid top
flange prestressed beams with top flange width
to minimum thickness ratio less than 4.0. "S"
shall be the clear span.

(b) Slabssupported on steel stringers, or slabs sup-
ported onthintop flange prestressed beamswith
top flange width to minimum thickness ratio
equal to or greater than 4.0. "S" shall be the
distance between edges of top flange plus one-
half of stringer top flange width.

() Slabssupported ontimber stringers."S" shall be
theclear span plusone-half thicknessof stringer.

3.24.2 Edge Distance of Wheel Loads

3.24.2.1 In designing sidewalks, supporting
members, and slabs including cantilever overhangs, the
center line of thewheel load shall be 1 foot from the face
of therail. However, awheel load need not be applied on
sidewalks protected by a vehicle barrier rail. (See Com-
mentary)

3.24.2.2 In service load design, the combined
permanent, pedestrian, vehicular and impact stresses for
theloading described in 3.24.2.1 shall not be greater than
150 percent of theallowablestresses. Inload factor design
for combined permanent, pedestrian, vehicular, and im-
pact loads, 1.0 may be used as the beta factor in place of
1.67 for the design of deck slabs.

3.24.3 Bending Moment

The bending moment per foot width of slab shall be
calculated according to methods given under Cases A
and B, unless more exact methods are used considering
tire contact area. The tire contact area needed for exact
methods is given in Article 3.30.

In Cases A and B:

S = effective spanlength, in feet, as defined un-

der "Span Lengths" Articles 3.24.1 and 8.8;

+ + + 4+ + o+
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width of slabin feet over which awheel load
isdistributed;

m
1

P = load on onerear wheel of truck
P,, = 16,000 pounds for H 20 loading.
3.24.3.1 Case A-Main Reinforcement

Perpendicular to Traffic
(Spans 2 to 24 Feet Inclusive)

Theliveload moment for simple spans shall be deter-
mined by the following formula (impact not included):

HS 20 Loading:

(5+20 )
%H Py = Momentsin foot - pounds

In slabs continuous over three or more supports, a
continuity factor of 0.8 shall be applied to the above
formulas for both positive and negative moment.

3.24.3.2 Case B-Main Reinforcement
Parallel to Traffic

For wheel loads, the distribution width, E, shall be
(4+0.06S) but shall not exceed 7.0 feet. Lane loads are
distributed over awidthof 2E. Longitudinally reinforced
slabs shall be designed for the appropriate liveloading.

3.24.4 Shear

Slabs designed for bending moment in accordance
with Article 3.24.3 shall be considered satisfactory in
shear.

3.245 Cantilever Slabs
3.245.1 Truck Loads

Under thefollowing formulasfor distribution of |oads
on cantilever slabs, the slab is designed to support the
load independently of the effects of any edge support
along the end of the cantilever. The distribution given
includes the effect of wheels on parallel elements.

3.245.1.1 Case A-Reinforcement
Perpendicular to Traffic

Each wheel on the element perpendicular to traffic
shall bedistributed over awidth accordingtothefollow-
ing formula:

E=08X +375 (3-17)

The moment per foot of slab shall be (P/E)X foot-
pounds, in which X isthe distance in feet from load to
point of support.

3.24.5.1.2 Case B-Reinforcement Parallel
to Traffic

The distribution width for each wheel load on the
element parallel to traffic shall be as follows:

E = 035X +3.25, but shall not exceed 7.0 feet
(3-18)

The moment per foot of slab shall be (F/E)X foot-
pounds.

3.24.5.2 Railing Loads

A horizontal load of 54K shall beappliedtothebarrier
inthetranversedirection at the uppermost point, andin
accordance with Article 3.22, Group Xl loading. The
effectivelength of slabresisting collisionloadingsshall
beequal to E=10feet whereasolid parapet isused, and
based onyield line theory for all other cases.

3.24.6  Slabs Supported on Four Sides

3.24.6.1 For slabs supported along four edges
and reinforced in both directions, the proportion of the
|oad carried by theshort span of theslab shall begivenby
thefollowingequations:

For uniformly, distributed load,

b4
P= (3-19)

For concentrated |oad at center,

b3
P (3-20)
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where,

proportion of load carried by short span;
length of short span of slab;
length of long span of slab.

p
a
b

3.24.6.2 Where the length of the slab exceeds
11/, timesitswidth, the entireload shall be carried by the
transverse reinforcement.

3.24.6.3 The distribution width, E, for the load
taken by either span shall be determined as provided for
other slabs. The moments obtained shall be used in
designing the center half of the short and long slabs. The
reinforcement steel inthe outer quartersof both short and
long spans may be reduced by 50 percent. In the design
of the supporting beams, consideration shall be given to
the fact that the loads delivered to the supporting beams
are not uniformly distributed along the beams.

3.24.7 Median Slabs

Raised median slabs shall be designed in accordance
with the provisions of this article with truck loadings so
placed asto produce maximum stresses. Combined dead,
live, and impact stresses shall not be greater than 150
percent of the allowable stresses. Flush median slabs
shall be designed without overstress.

3.24.8 Longitudinal Edge Beams

3.24.8.1 Edge beams shall be provided for all
slabs having main reinforcement parallel to traffic. The
beam may consist of a slab section additionally rein-
forced, abeam integral with and deeper than the slab, or
an integral reinforced section of slab and curb.

3.24.8.2 Theedgebeam of asimplespanshall be
designed to resist alive load moment of 0.10PS, where

P = wheel load in pounds;
S = gspan length in feet.
3.24.8.3 For continuousspans, themoment may

be reduced by 20 percent unless a greater reduction
results from amore exact analysis.

3-24 Section3  Loabs

3.24.9 Unsupported Transverse Edges

The design assumptions of this article do not provide
for theeffect of loads near unsupported edges. Therefore,
at the ends of the bridge and at intermediate pointswhere
the continuity of the slab is broken, the edges shall be
supported by diaphragms or other suitable means. The
diaphragms shall be designed to resist the full moment
and shear produced by the wheel loads which can come
on them.

3.24.10 Distribution Reinforcement

3.24.10.1 To provide for the lateral distribution
of the concentrated live loads, reinforcement shall be
placed transverse to the main steel reinforcement in the
bottoms of all slabs except culvert or bridge slabs where
the depth of fill over the slab exceeds 2 feet.

3.24.10.2  The amount of distribution reinforce-
ment shall be the percentage of the main reinforcement
steel required for positivemoment asgiven by thefollow-
ing formulas:

For main reinforcement parallel to traffic,

100

Percentage = E Maximum 50% (3-21)

For main reinforcement perpendicular to traffic,

220

Percentage = f Maximum 67% (3-22)

where S = the effective span length in feet.

3.24.10.3  For main reinforcement perpendicular
to traffic, the specified amount of distribution reinforce-
ment shall be used inthe middlehalf of the slab span, and
not less than 50 percent of the specified amount shall be
used in the outer quarters of the slab span.

3.25 DISTRIBUTION OF WHEEL LOADS
ONTIMBER FLOORING

For the calculation of bending moments in timber
flooring each wheel 1oad shall be distributed as follows.
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3.25.1 Transverse Flooring

3.25.1.1 In direction of span, the wheel load
shall be distributed over the width of tire as given in
Article 3.30.

Normal to direction of span, the wheel load shall be
distributed as follows:

Plank floor:
the width of plank.
Non-interconnected* nail laminated panel floor:
15inches, but not to exceed panel width.
Non-interconnected glued laminated panel floor:
15inches plusthickness of floor, but not to
exceed panel width.
Continuousnail laminated floor and interconnected
nail laminated panel floor, with adequate shear trans-
fer between panels**:
15 inches plus thickness of floor, but not to
exceed panel width.
Interconnectedt glued laminated panel floor, with
adequate shear transfer between panels**, not less
than 6 inches thick:
15inches plustwicethickness of floor, but not
to exceed panel width.

3.25.1.2 For transverse flooring the span shall
betaken astheclear distancebetween stringersplusone-
half the width of one stringer, but shall not exceed the
clear span plusthe floor thickness.

3.25.1.3 Onedesign method for interconnected
glued laminated panel floors is as follows: For glued
|aminated panel decksusingvertically laminatedlumber
with the panel placed in a transverse direction to the
stringersand with panel interconnected using steel dow-
el s, thedetermination of thedeck thicknessshall bebased
on the following equations for maximum unit primary

* Thetermsinterconnected and non-interconnected refer
to the joints between the individual nail laminated or glued
laminated panels.

*x This shear transfer may be accomplished using me-
chanical fasteners, splines, or dowels along the panel joint or
other suitable means.

T Theequationsaredevel oped for deck panel spansequal
to or greater than the width of the tire (as specified in Article
3.30), but not greater than 200 inches.

moment and shear.* The maximum shear isfor awheel
position assumed to be 15 inches or less from the
centerline of the support. The maximum moment isfor a
wheel position assumed to be centered between the
supports.

M, =P(51logqs- K) (3-23)
Ry =.034P (3-24)
Th t= [ 3-25
us, = -
= (3-25)
or,
t= R whichever is greater
oF, g (3-26)
where,

My = primary bending moment in inch-pounds per
inch;

Rx = primary shear in pounds per inch;

X = denotesdirection perpendicular to longitudinal
stringers;

P = design wheel load in pounds;

s = effective deck span ininches,

t = deckthickness, ininches, based on moment or
shear, whichever controls;

K = design constant depending on design load as
follows:

H15 K=047
H20 K=051

F, = alowablebendingstress, inpoundsper square
inch, based onload applied parallel tothewide
face of the laminations, (see Tables 13.2.2A
and B);

F, = alowable shear stress, in pounds per square
inch, based onload applied parallel tothewide
face of the laminations, (see Tables 13.2.2A
and B).

* Thetermsinterconnected and non-interconnected refer

to the joints between the individual nail laminated or glued
laminated panels.
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3.25.1.4 The determination of the minimum Total
. . . . Shear Moment Steel Stress Dowel
size and spacing required of the steel dowels required to Diameter  Capacity Capacity  Coefficients Length
transfer the load between panels shall be based on the of Dowel Ro Mo Cr Cwm Required
following equation: in, Ib. in-b.  1inz  1/in3 in.
- 0.5 600 850 36.9 81.5 8.50
1,000 [Ry M, ] .625 800 1,340 22.3 41.7 10.00
n=———x ot (3-27)
opr |Rp Mp 75 1,020 1,960 14.8 24.1 11.50
.875 1,260 2,720 10.5 15.2 13.00
where
1.0 1,520 3,630 7.75  10.2 14.50
n = number of steel dowelsrequired for the given 1.125 1,790 4,680 594 715 1550
spans; 1.25 2,100 5,950 4.69 522 17.00
on = proportional limit stress perpendicular to 1.375 2,420 7,360 3.78 392 18.00
grain (for Douglas Fir or Southern pine, use 15 2,770 8,990 3.11 3.02  19.50
. 1,000 psi);
Ry = total secondary shear transferred, in pounds,
determined by the relationship: 3.25.1.5  In addition, the dowels shall be
checked to ensure that the allowable stress of the steel is
not exceeded using the following equation:
R, =6Ps/1,000 for s <50 inches  (3-28)
or, 0=i(CRRy+CMMy) (3-32)
— p _ where,
R, =E(S—2O) for s>50 inches  (3-29) o = minimum yield point of steel pinsin
pounds per square inch (see Table
. 10.32.1A);
My = total secondary moment transferred, in inch- n,Ry, My = as previously defined;
pound, determined by the relationship Cr, Cu = steel stress coefficientsasgivenin
preceding table.
—_— Ps .
My =100 ¢ 710 for s<30 inches 3-30) | 3252  Plank and Nail Laminated
’ L ongitudinal Flooring
—  Ps (s-30) .
My =2 (s-10) for s> 30 inches  (3-31) 3.25.2.1  Inthedirection of the span, the wheel
load shall be considered a point loading.
Rpand Mp = shear and moment capacities,
respectively, as givenin the 3.25.2.2 Normal to the direction of the span the
following table: wheel load shall be distributed as follows:
Plank floor:
width of plank.
Non-interconnected nail laminated or glued +

laminated panel floor:
width of tire plus thickness of floor, but not to
exceed panel width. Continuous nail
laminated floor and interconnected nail
laminated or glued laminated panel floor, with +

3-26 Section3  Loabs
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adequate shear transfer between panels*, not
lessthan 6 inchesthick: width of tire plustwice
thickness of floor.

3.25.2.3 For longitudinal flooring the span
shall be taken asthe clear distance between floor beams
plus one-half the width of one beam but shall not exceed
the clear span plus the floor thickness.

3.25.3 Longitudinal Glued Laminate
Timber Deck
3.25.3.1 Bending Moment

In calculating bending moments in glued laminated
timber longitudinal decks, nolongitudinal distribution of
wheel loads shall be assumed. The lateral distribution
shall be determined as follows.

Theliveload bending moment for each panel shall be
determined by applying to the panel the fraction of a
wheel load determined from the following equations:

TWO OR MORE TRAFFIC LANES

W w
Load Fraction= P L or 5 OPO
3.75+— ’

28

,whicheverisgreater.

ONE TRAFFIC LANE

W \\ . .
P L or —5 SPO ,whicheverisgreater.
4254+ — ’
28

Load Fraction=

where, Wp = Width of Panel; infeet (3.5< Wp <4.5)

L = Length of span for simple span bridges and the
length of the shortest span for continuous bridgesin feet.

3.25.3.2 Shear

When cal cul ating the end shears and end reactionsfor
each panel, no longitudinal distribution of the wheel
loads shall be assumed. The lateral distribution of the
wheel oad at the supports shall bethat determined by the
equation:

*  Thisshear transfer may be accomplished using mechanical
fasteners, splines, or dowel salong the panel joint or spreader beams
located at intervals along the panels or other suitable means.

Wheel Load Fraction per Panel

—WPbt t less than 1
—400 ut Not Iess than 1.

For wheel loads in other positions on the span, the
lateral distribution for shear shall be determined by the
method prescribed for moment.

3.25.3.3 Deflections

Themaximum deflection may be cal culated by apply-
ing tothe panel thewheel |oad fraction determined by the
method prescribed for moment.

3.25.3.4  Stiffener Arrangement

Thetransverse stiffeners shall be adequately attached
to each panel, at points near the panel edges, with either
steel plates, thru-bolts, C-clips or aluminum brackets.
The stiffeners spacing required will depend upon the
spacing needed in order to prevent differential panel
movement; however, a stiffener shall be placed at
midspan with additional stiffenersplaced at intervalsnot
to exceed 10 feet. The stiffness factor El of the stiffener
shall not be less than 80,000 kip-in2.

3.25.4 Continuous Flooring

If theflooringiscontinuousover morethan two spans,
the maximum bending moment shall beassumed asbeing
80 percent of that obtained for a simple span.

3.26 DISTRIBUTION OF WHEEL LOADS
AND DESIGN OF COMPOSITE
WOOD-CONCRETE MEMBERS

3.26.1 Distribution of Concentrated L oads
for Bending Moment and Shear
3.26.1.1 For freely supported or continuousslab

spans of composite wood-concrete construction, as de-
scribed in Article 20.19.1 Division 11, the wheel loads
shall be distributed over atransverse width of 5 feet for
bending moment and a width of 4 feet for shear.

Section3  Loabps 3-27
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3.26.1.2 For composite T-beams of wood and
concrete, asdescribed in Article 20.19.2-Division 11, the
effective flange width shall not exceed that given in
Article 10.38.3. Shear connectors shall be capable of
resisting both vertical and horizontal movement.

3.26.2 Distribution of Bending Momentsin
Continuous Spans
3.26.2.1 Both positive and negative moments

shall be distributed in accordance with the following
table:

M aximum Bending M oments-Per cent of Simple
Span M oment

Maximum Live
Load Moments

Maximum Uniform
Dead Load Moments

siboek BRSSO Vg
Span Pos. Neg. Pos. Neg. Pos. Neg. Pos. Neg.
Interior 50 50 55 45 75 25 75 55
End 70 60 70 60 85 30 85 65
2-Span2 65 70 60 75 85 30 80 75

aContinuous beam of 2 equal spans.

3.26.2.2 Impact should be considered in com-
puting stresses for concrete and steel, but neglected for
wood.

3.26.3 Design

The analysis and design of composite wood-concrete
members shall be based on assumptions that account for
thedifferent mechanical propertiesof thecomponents. A
suitable procedure may be based on the el astic properties
of the materials asfollows:

E.
E_ - 1 for slab in which the net concrete thickness
W islessthan half the overall depth of the
composite section
E.
E_ - 2 for slab inwhich the net concrete thickness
W isat least half the overall depth of the
composite section
Eq
E_ - 18.75 (for Douglas fir and Southern pine)
3-28 Section3  Loabs

in which
E. = modulus of elasticity of concrete;
Ev = modulus of elasticity of wood,;
Es = modulus of elasticity of steel.

3.27 DISTRIBUTION OF WHEEL LOADS
ON STEEL GRID FLOORS*

3.27.1 Genera

3.27.1.1 The grid floor shall be designed as
continuous, but simple span moments may be used and
reduced as provided in Article 3.24.

3.27.1.2 The following rulesfor distribution of
loads assume that the grid floor is composed of main
elements that span between girders, stringers, or cross
beams, and secondary elementsthat are capabl e of trans-
ferring load between the main elements.

3.27.1.3 Reinforcement for secondary elements
shall consist of bars or shapes welded to the main steel.
3.27.2 Floors Filled with Concrete

3.27.2.1 The distribution and bending moment
shall be as specified for concrete slabs, Article 3.24. The

following itemsspecifiedinthat articleshall alsoapply to
concretefilled steel grid floors:

Longitudinal edge beams
Unsupported transverse edges
Span lengths

3.27.2.2 Thestrength of the compositesteel and
concrete slab shall be determined by meansof the"trans-
formed area" method. The allowable stresses shall be as
set forth in Articles 8.15.2, 8.16.1, and 10.32.

3.27.3 Open Floors

3.27.3.1 A wheel load shall be distributed, nor-
mal to the main elements, over a width equal to 11/,
inches per ton of axleload plustwice the distance center
to center of main elements. The portion of the load

* Provisions in this article shall not apply to orthotropic
bridge superstructures.
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assigned to each main element shall be applied uniformly
over alength equal to therear tirewidth (20 inchesfor H
20, 15inchesfor H 15).

3.27.3.2 The strength of the section shall be
determined by the moment of inertiamethod. The allow-
able stresses shall be as set forth in Article 10.32.

3.27.3.3 Edges of open grid steel floorsshall be
supported by suitable means asrequired. These supports
may be longitudinal or transverse, or both, as may be
required to support all edges properly.

3.27.3.4 When investigating for fatigue, the
minimum cycles of maximum stress shall be used.

3.28 DISTRIBUTING OF LOADS FOR
BENDING MOMENT IN SPREAD
BOX GIRDERS*

3.28.1 Interior Beams

Thelive load bending moment for each interior beam
in aspread box beam superstructure shall be determined
by applying to the beam the fraction (D.F.) of the wheel
load (both front and rear) determined by the following
equation:

Ny, S
Ny L

D.F.

(3-33)
where,

N = number of design traffic lanes (Article 3.6);

Ng = number of beams (4 < N <10);

S = beam spacing in feet (6.57 <S<11.00);

L = Spanlengthin feet;

k =0.07W—N (0.10N; —0.26)—0.20Ng —0.12 ;

(3-34)

W = numeric value of the roadway width between

curbs expressed in feet (32 < W <66).

*  Theprovisionsof Article3.12, Reductionin Load Intensity,
were not applied in the devel opment of the provisions presented in
3.28.1and 3.28.2.

3.28.2 Exterior Beams

The live load bending moment in the exterior beams
shall bedetermined by applying to the beamsthereaction
of the wheel loads obtained by assuming the flooring to
act asasimplespan (of length S) between beams, but shall
not be lessthan 2N, /Ng.

3.29 MOMENTS, SHEARS, AND
REACTIONS

Maximum moments, shears, andreactionsaregivenin
tables, Appendix A, for H 15, H 20, HS 15, and HS 20
loadings. They arecal culated for the standard truck or the
lane loading applied to asingle lane on freely supported
spans. It is indicated in the table whether the standard
truck or the lane loadings produces the maximum stress.

3.30 TIRE CONTACT AREA

The tire contact area shall be assumed as a rectangle
with an areain square inches of 0.01P, and a Length in
Direction of Traffic/Width of Tireratio of 1/2.5,inwhich
P = wheel load in pounds.

Section3  Loabps 3-29




+ o+ + o+ o+ o+ o+

+ o+ o+ o+ o+ o+ o+ o+ o+

c BRIDGE DEsIGN SpeciFicaTioNs ¢ FEBrUARY 2004

a/trans

Section 3 Commentary -
Loads

3.10.4 Centrifugal Forces

This specification has been revised to require a cen-
trifugal forcegenerated by thereaction duetothecontrol-
ling live load. This will eliminate inconsistency which
regquired a considerable increase in reinforcement and a
corresponding increase in the probable yield strength.
Single column bents were especially affected in the
transverse direction. For example, if one permit load
generated the critical moment, a significant centrifugal
moment, generated by HS trucks in all lanes, formerly
would havebeenaddedtoit. For thisexample, therevised
specification will require adding only the centrifugal
moment generated by onepermit truck traveling at aslow
speed.

3.14.1.6 Past experiencehasshownthat *march-
ing" can generate unacceptable movements at approxi-
mately 2Hzinthevertical directionand 1Hzinthelateral
direction. Fundamental frequency is defined as vibra-
tions on the predominant vertical mode of a bridge,
expressed in cycles per second, or the inverse of the
natural period. References’

» "Guide Specification for Design of Pedestrian
Bridges', AASHTO, August 1977.

e Bachmann, H. "Case Studies of Structures with
Man-Induced Vibrations', ASCE J. of Structural
Engineering, Vol. 118, No. 3, March 1992.

e Dallard et. a. "The London Millennium Foot-
bridge", The Structural Engineer, Vol. 79/No. 22,
20 November 2001.

3.24.2.1 The designer should consider whether
or not vehicular barrier railingwill remaininplaceduring
the lifespan of the structure. In anticipation of bridge
widenings, Article 3.23.2.3.1.4 prohibits the exterior
girder from having less capacity thantheinterior girders.
It may be more prudent to design the slab or supporting
member asif thebarrier wasremoved. Notethat avehicu-
lar barrier rail is an unmountable structure. A standard
sidewalk curb ismountable and should not be considered
avehicular barrier rail.
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